Nosocomial sinusitis is common in critical illness. Randomized trials indicate that radiographic sinusitis (RS) occurs in 25% -75% of all critically ill patients and that 18% -32% of endotracheally intubated patients will develop sinusitis. Variability in the estimated incidence of RS stems from the many radiographic techniques used for diagnosis. Critically ill patients with suspected sinusitis should undergo computed tomographic scanning of all paranasal sinuses. If the scans are positive (opacification, mucosal thickening, air-fluid level), aspiration is performed after meticulous nasal disinfection. Infection is confirmed if a pathogen is identified along with neutrophils. Nosocomial sinusitis is usually caused by gram-negative bacilli or is polymicrobial. Pseudomonas aeruginosa, the most common causative organism, represents 15.9% of isolates. The most common gram-positive isolate is Staphylococcus aureus (10.6%); fungi represent 8.5% of isolates. Infection is treated with aspiration and systemic antibiotics. Treatment failures are common; drainage with indwelling catheters is sometimes necessary.
Sepsis syndrome is one of the major complications observed scanning, many intubated patients are found to have radiographically evident sinusitis (RS) but have no microbiological in critically ill, mechanically ventilated patients, and many causative infections can be occult. Whereas pneumonia, catheevidence of active infection [27, 29, 30] . Radiographic signs of sinusitis, including mucosal thickening, opacification, and ter-related infections, and urinary tract infections are commonplace and often easy to diagnose, a literature is emerging that the presence of an air-fluid level, do not predict infectious sinusitis (IS). Therefore, for estimating the overall incidence suggests that sinusitis is an important occult source of nosocomial infection and should be ruled out in any endotracheally of nosocomial sinusitis in intubated patients, studies in which diagnosis was based solely upon radiographic findings have intubated patient with a fever of unknown origin. Because diagnostic criteria have not always been rigorous, there is connot been considered further in this analysis. In addition to variability in diagnostic criteria, study populatroversy over the true prevalence of sinusitis in the intensive care unit (ICU), and its contribution to the epidemiology of tions differ in the literature, confounding the cumulative findings. The incidence of sinusitis varies greatly among different nosocomial infections remains unclear. In order to assess the incidence and impact of nosocomial sinusitis in the ICU, we ICU populations: it is highest in neurosurgical patients and lowest among medical ICU and general surgical ICU patients performed an extensive review of the world literature pertaining to this topic from 1974, when it was first described, to the [32] . Reports regarding neurosurgical patients or those with facial trauma probably overestimate the incidence of sinusitis, present.
especially if the estimates are based solely on radiographic findings.
Incidence
Recently, several large prospective studies have been performed with relatively uniform diagnostic criteria [27, 29, 30, The reported incidence of nosocomial sinusitis in the literature varies widely, with a range of zero to 100% [1 -33] . The 32] (table 1) . Not all studies distinguish between RS and IS. The incidence of sinusitis, diagnosed radiographically and concause of this extreme variation is multifold, but it is largely due to differences in diagnostic criteria. Investigators in most firmed by positive sinus culture, ranges between 18% and 32% in these reports. studies before 1990 considered a positive plain radiograph, with or without purulent nasal drainage, to be diagnostic [13, 16, 24, 26, 27] . With the recent emphasis on diagnosis by CT
Risk Factors and Prevention
In 1974 Arens et al. first reported maxillary sinusitis in four patients who were nasotracheally intubated for surgery and who Early conversion of a nasal airway to an oral route and aggresat times against gravity, as is the case in the maxillary sinuses in recumbency. Drainage of the sinuses through the ostia in sive utilization of CT scans to exclude sinusitis in nasally intubated patients who developed fever were recommended subsethe lateral nasal walls is reduced as a result of physical irritation and local trauma to the nasal mucosa, causing inflammation quently [14, 15, 17] .
Bach et al. [27] reported that orotracheally intubated patients and edema. In addition, there is physical obstruction of the ostia secondary to the tube itself, which may lead to an overgrowth of developed sinusitis at a significantly lower rate (2 of 32; 6.3%) than did nasotracheally intubated patients (15 of 36; 41.7%).
bacterial flora in the sinuses. Some reports indicate that limited head mobility may play a role in the development of sinusitis, Holzapfel et al. published the first large randomized trial to determine the incidence of IS in intubated patients and found it to be 18%, but they noted no difference between the orotra- were not obtained prior to study enrollment in that study, pa- In 1994 Rouby and co-workers published a randomized prospective trial comparing the incidence of sinusitis between difEndotracheal { NGT ferent routes of endotracheal intubation [30] and presented [13] (19) if gastric intubation was performed via the orogastric rather [17] NS NS 16 (52) than the nasogastric route. These findings confirmed previous [24] . . . 25 (43) 25 (43) case reports [6, 9] of the onset of RS following nasogastric-
[27] NS NS 15 (42) tube placement in orotracheally intubated patients (table 2) .
[29] 29 (19) 45 (30) 74 (50) Although none of these papers provides strict statistical evi- [30] . . . 22 (100) 22 (100) dence of an increased risk of sinusitis with nasogastric tubes, NOTE. None of these studies stratified patients for the presence of an common sense recognizes that these are inflexible catheters NGT. IS Å infectious sinusitis; NGT Å nasogastric tube; NS Å not specified;
that may interfere with sinus drainage in much the same way RS Å radiographic sinusitis. * Not randomized; diagnosis based on radiographic findings and purulent that nasotracheal tubes do. Given these data, it is recommended aspirate or drainage.
that simultaneous nasotracheal and nasogastric intubation be † Not randomized; diagnosis based on CT scan and purulent aspirate; 87 avoided or the duration minimized (table 3) .
patients had NGT; some patients were intubated for õ48 h. ‡ Not randomized; diagnosis based on radiographic findings; all patients had Given the anatomy of the paranasal sinuses, it is not surprisan NGT.
ing that nasotracheal intubation increases the risk of developing § Randomized; diagnosis based on radiographic findings and purulent aspisinusitis. The sinuses and nasal cavity are normally covered rate; all patients had an NGT. NOTE. Standards are based on class I data derived from randomized prospective studies; guidelines are based on class II data derived from other prospective studies; options are based on class III retrospective data or published expert opinion. as evidenced by the higher incidence of this disease among critically ill intubated patients is even more difficult. The typical complaints of facial pain, headache, and purulent nasal patients after head trauma [15] .
The pathogenesis of sinusitis is probably multifactorial in discharge are usually unobtainable from the ICU patient. In one study, purulent nasal discharge was present in only 27% many cases. Whereas Rouby et al. [30] reported nasal intubation to be the major risk factor for nosocomial sinusitis, they of intubated patients with radiographically and microbiologically proven sinusitis [13] . found that 25% of orotracheally intubated patients also developed sinusitis. They suggested that this may be secondary to There has been controversy over the use of plain radiographs vs. CT scans in the diagnosis of acute sinusitis. One recent ostial diminution caused by positioning or nasal obstruction [30] . Other reported risk factors include the presence of nasoprospective study of outpatient sinusitis found that a clinical assessment, based on medical history and the findings of nasal gastric tubes, nasal packing, use of high-dose corticosteroid therapy, facial and cranial fractures, sedation, and unconsciousendoscopy and a series of plain sinus radiographs, correlated with CT findings in ú90% of cases; however, it was dependent ness [1, 2, 5], although none have been proven definitively to be causative.
on the experience of the clinician in performing rigid nasal endoscopy [36] . Furthermore, the concordance rate between plain radiographs and CT scans in this series was 87% when Radiographic Diagnosis reported by an experienced radiologist. Previously, conventional radiographs of the sinuses were Clinical evaluation and nasal endoscopy form the basis for the diagnosis of sinusitis in outpatients [34] . Shapiro and considered sufficient to make the diagnosis of sinusitis [13, 19] . Sinus opacity or air-fluid levels on conventional radiographs of Rachelefsky described useful major and minor clinical criteria for the diagnosis of sinusitis [35] . The presence of two major the sinuses were found to be 72% -96% sensitive [37, 38] . However, one study showed that to achieve a confidence level criteria (cough, purulent nasopharyngeal discharge) or one major and two minor criteria (periorbital edema, headache, of 88% with plain radiography, five views of the sinuses (including an occipitomental view) must be obtained. If only four facial pain, tooth pain, earache, sore throat, foul breath, wheezing, fever) for ú7 days suggests acute bacterial sinusviews of the sinuses are obtained, the confidence level decreases to 24% [39] . Practically speaking, it is impossible to itis, yet even by physical examination in the outpatient setting, sinusitis is difficult to diagnose. The diagnosis of sinusitis in perform an adequate study of plain radiographs with use of / 9c40$$de56 11-11-97 17:23:21 cidas UC: CID portable equipment in an ICU. In addition, conventional radioprovide the optimal means for tailoring antibiotic therapy. A strict protocol of disinfection must be carried out prior logic studies are inadequate to assess the ethmoid and sphenoid sinuses. Currently, the radiological diagnosis of maxillary sito a sinus puncture in order to avoid the aforementioned contamination (table 3) . We recommend wide-area disinfecnusitis in a critically ill patient requires a CT scan (table 3) . The paranasal sinuses cannot be assessed accurately in such tion of the nasal mucosa with a topical povidone/iodine solution. The disadvantages of sinus puncture/aspiration are that patients by either standard radiography or echography [40] . In addition, CT scanning is practical for the critically ill patient it is a minimally invasive procedure and is susceptible to contamination with normal nasal flora if a rigorously sterile with occult fever and may be performed in conjunction with chest or abdominal scanning as indicated.
technique is not used. Rouby et al. [30] followed a rigid protocol of nasal disinfecOther radiological modalities, including ultrasonography and MRI, have been used, the latter with only a modicum of success tion prior to transnasal puncture in 133 critically ill patients. General anesthesia was induced in all patients, and a bacterio- [41, 42] . Rohr et al. [42] compared A-mode ultrasonography with conventional radiography in outpatients and found both logic sample representative of the medial wall of the nare was obtained prior to disinfection. Wide disinfection of the nasal to be equally sensitive (93%). However, sonography was far less specific, making it useful as a screening tool only. In mucosa was then performed with topical povidone/iodine. Twenty minutes later, a second sample was obtained in order comparing the accuracy of standard radiography, MRI, and Amode ultrasonography in outpatients with chronic sinusitis, to evaluate the effectiveness of nasal disinfection. A transnasal puncture was then performed. Nasal disinfection was adequate Katz et al. [43] found that MRI was the most predictive, detecting maxillary sinusitis in 30% of patients who had normal in 51%, partial in 38%, and ineffective in 11% of patients. Inadequate nasal disinfection prior to puncture exposes the radiographs.
Mafee [44] compared standard radiography, CT scans, and sinus cavities to contamination and is probably responsible for the overestimation of the prevalence of IS in many studies MRI in assessing paranasal sinus pathology and concluded that MRI had superb soft-tissue contrast and resolution and pro- [15, 17, 33] . Myriad microorganisms have been reported in the sinusitis vided exquisite anatomic detail. However, MRI can be impractical for assessing a critically ill population because it freliterature, but trends are apparent (table 4) . Sixty percent of the reported microorganisms are gram-negative, with Pseudoquently requires §1 hour of scanning, during which time any motion results in image degradation. Moreover, MRI is contramonas (15.9%), Escherichia coli (7.6%), and Proteus mirabilis (7.2%) obtained most often. A minority of cultured microorindicated for patients with cardiac pacemakers or any other form of ferromagnetic foreign body. Mafee concluded that CT ganisms (31%) are gram-positive, with the majority consisting of Staphylococcus species (15%) and b-hemolytic streptococci is the modality of choice for high-contrast structures (air, bone, fat) such as the paranasal sinuses, whereas MRI is superior for (4.3%). Yeast are reported in 8.5% of cases, with Candida being the most common isolate. Despite variable criteria for the evaluation of mucosal disease. diagnosis in the literature, the findings in aggregate support those of several recent studies that abided by stringent diagnosMicrobiological Diagnosis tic guidelines [27, 29, 30, 32] . A diagnosis of IS can be confirmed only through sinus aspiration and a positive culture. The nares of ICU patients are Treatment and Outcome colonized with potentially pathogenic organisms, so the risk of contamination of specimens is high if precautions are not Nosocomial sinusitis is a closed-space infection that should be treated as such. Definitive treatment must be proobserved. The presence of IS has likely been overestimated in the past; therefore, a cautious approach to the interpretation of vided to critically ill patients with diagnosed IS. Failure to intervene promptly can lead to severe sepsis, organ dysfunccultures must be taken. A close relationship exists between macroscopic purulence, peripheral mononuclear leukocyte tion, and death. In those patients with an unexplained fever or sepsis syndrome that is not abating with empirical antibi-(PMN) count, and quantitative bacteriology [45] . Although quantitative cultures have been used to differentiate between otic therapy, IS is an important occult source that must be considered. A consensus on therapeutic intervention has not pathogenic and contaminating bacteria, the suggested threshold of 10 3 cfu/mL [30] without necrotic bone in patients with complex facial fractures).
Staphylococcus aureus 77
The high failure rate in the study of Rouby et al. [30] should be considered.
Neisseria species 3 Morganella species 3
The incidence of adverse sequelae from acute sinusitis in and nosocomial pneumonia [30, 33] have all been described.
Aspergillus species 2
Owing to diagnostic difficulties, sinusitis can go untreated for Total 62 (8.5%) prolonged periods, leading to severe sepsis and potential death.
Total organisms 723
Mortality associated with nosocomial sinusitis may be as high NOTE. Data are from [1 -33] .
as 11% [31] . Overall, the morbidity and mortality as reported in the literature appear to be on the decline, largely as a result of improved detection and treatment. Recent studies describe a low incisurgical drainage with creation of bone windows for optimal drainage [19] .
dence of less serious complications resulting from sinusitis, including nasal and septal erosions, cartilage or columella exDrainage for IS is mandatory (table 3) , if only by full therapeutic aspiration accompanied by irrigation. Rouby et al. [30] posure, and nasal alar rim necrosis [21] . However, sinusitis is still a significant risk factor for the development of nosocomial found that 67% of patients with maxillary IS responded to transnasal drainage alone, with decreased core temperature and bronchopneumonia [30, 33] . WBC count. In that study, all of the patients with maxillary RS had accompanying CT evidence of ethmoid or sphenoid
